Non-diary probiotic drinks are of interest to the consumers who suffer from lactose intolerance and allergenicity when consuming milk and its derivatives. Ots production requires substrates that favor the viability of probiotics in the process and storage. This research assessed the use of the liquid fraction obtained from the enzymatic hydrolysis of kiwicha grain including the microbiological, chemical and sensory characteristics of probiotic drinks of tarwi juice during fermentation and storage using: Lactobacillus paracasei, B. bacterium longum and a culture of both microorganisms. The viability of probiotics in drinks improved with the increase of hydrolyzed kiwicha in the composition of the drink during fermentation and post fermentation, and showed good tolerance to pH. The viability of the Bifid bacterium longum was reduced with the decrease in the pH, but improved in the co-culture with lactobacillus paracasei. The sensory characteristics of the obtained drinks were favorable.
Introduction
Probiotics are defined as living microorganisms that when administered in appropriate quantities confer health benefits to the consumer (Tamang et al., 2016a, b; Prado et al., 2008; Manzano et al., 2012) . On order to be beneficial, they must be present in a large number of 10 8 to 10 9 cells per product gram at the time of consumption (Prado et al., 2008) .
Probiotics must meet with certain requirements: viability and number in the industrial processing, ability to survive under harsh conditions in the gastrointestinal tract, resistance to pH and bile, ability to adhere to epithelial cells in the intestinal walls, colonization in the human intestine, production of antimicrobial substances called bacteriocins, resistance to physical-chemical conditions during processing (Vera-Pingitore et al., 2016; Kandylis et al., 2016) . Probiotic microorganisms mainly come from bacteria, principally in the Lactobacillus and bifid bacterium types, but not exclusively. There are probiotics in other groups such as yeasts and filamentous fungi (Prado et al., 2008; Tamang et al., 2016b) .
Fermented foods and drinks of dairy and non-dairy origin play an important role in diets worldwide. The consumption of fermented dairy products has been associated with some health risks such as lactose intolerance, high fat content and cholesterol, and presence of allergenic proteins in milk, and the growing tendency to vegetarianism limit the consumption of fermented dairy products (Kandylis et al., 2016) . Non-dairy probiotic drinks are not new; several traditional products are produced in many regions of the world. On addition to these traditional products, new products have been developed based on fruits and vegetables, soy and cereals (Tamang et al., 2016b; Kandylis et al., 2016; Mokoena et al., 2016; Escalante et al., 2016) .
Several probiotic bacteria has been used in the production of fermented drinks from fruits, vegetables, and cereals such as: L. rhamnosus, L. casei, B. lactis, L. paracasei, L. plantarum, L. reuteri, L. delbrueckii, L. acidophilus, L. bulgaricus, B. bifidum, L. brevis, S. thermophiles, B. adolescentis, B. infantis, B. breve and B. longum (Shori, 2016; Dbando et al., 2010; Londoño et al., 2008) . Their viability in fermented drinks depends on their nature, the substrate, the processing conditions and storage (Mondragon, 2004; Reis et al., 2012; Shah et al., 1995; Benavides & Quicazan, 2009; Mayorga et al., 2009; Silva et al., 2014) .
Tarwi (Lupinus mutabili Sweet) is a leguminous found in several regions in Peru; it isn't widely used. However, after debittering or dehydration processes, it is used in several culinary dishes or to obtain lupine flour. Tarwi is rich in proteins (more than 40%), fat (approximately 20%), minerals and other nutrients (Repo, 2014; Carvajal-Larenas et al., 2016) . Milk is also produced from tarwi (tarwi juice) to be consumed at breakfast (Jacobsen & Mujica, 2006) . Probiotic drinks have been produced with tarwi milk with a moderate level of satisfaction, using yogurt cultures that were applied in mixtures of 70-80% of powdered milk and 20-30% of Assessment of the use of the hydrolyzed liquid fraction of the kiwicha grain in the fermentation process of probiotic drinks from tarwi juice: microbiological, chemical and sensorial analysis tarwi milk (Castañeda et al., 2008) ; Likewise, tarwi yogurt was obtained after inoculation of Streptococcus thermophiles and Lactobacillus delbrueckii ssp bulgaricus to tarwi juice obtained from lupines campestri with 3% of sucrose and 1.5% lactose (Jiménez-Martínez et al., 2003) .
Kiwicha (Amaranthus caudatus Linnaesu) is an Andean grain rich in protein that has a chemical composition of protein (15.5%), fat (7.6%), minerals (3.4%), fiber (4.7%), carbohydrates (68.8%) and other components that give its nutritional value (Repo, 2014) . There has been descriptions of several biological activities of isolated components of amaranth and quinoa as antibacterial, antitumor, antioxidant, anti-inflammatory and antihypertensive (Carrillo et al., 2015) .
Several authors claim that hydrolysis of kiwicha with amylolitic enzymes produces amaranth flour with higher content of protein and carbohydrates that can be a useful ingredient for hypercaloric drinks for athletes (Maza, 2000) . On addition, consumption of oligosaccharides favors the proliferation of bifid bacteria in the colon, which are beneficial and combat pathogen bacteria. Similarly, raffinose and stachyose, present in the amaranth seeds, when not hydrolyzed by α-amilasa, are contained in the fraction rich in carbohydrates, which may play an important role in the protective effects for health mentioned above.
The application of probiotic cultures in several dairy and non-dairy food matrixes in the production of drinks may affect the viability of probiotics, its capacity to adapt in several substrates, the processing conditions, pH variations, acidity and its behavior in post-fermentation and the sensorial characteristics in the products.
The purpose of this research was to assess the use of the liquid portion of the hydrolyzed kiwicha on the physical chemical characteristics and the viability of the lactobacillus paracasei BGP1, Bifido bacterium longum SP54 and the mixture of both during fermentation process and in the cold storage of probiotic drinks of tarwi juice. Ot is expected that the presence of the liquid fraction of hydrolyzed kiwicha determines the viability of such bacteria and improves the quality of the drinks.
Materials and methods

Raw materials, origin and treatments
The dried grains of tarwi and kiwicha came from the District of Cotahuasi, Province of La Union, Arequipa (Peru) purchased from local suppliers.
Briefly, the grain was soaked for 2h (1 part of tarwi -5 parts of water), the soaking water was disposed of, and it was cooked for 40 min, twice. This process continued for eight days, carrying out two water changes a day; the grain was pealed, followed by blanching for 1.5 min at boiling point; rinsed and blanched a second time, adding sodium carbonate in a proportion of 1g per 100 g of tarwi; it was rinsed again, drained and then crushed in a blender. The batter obtained was boiled for 5 minutes, then filtered and pressed, and the solid materials were removed. The juice obtained was boiled for 5 -7 min to avoid degradation and also as a measure to increase its shelf life. After boiled, tarwi juice was bottled while hot, cooled quickly and frozen for later use. The amount of juice obtained was regulated to obtain 500 mL of juice for every 100 g of tarwi. Tarwi juice contained dry extract, protein, fat, ashes and carbohydrates (1.3, 1.29, 0.09, 0.052 and 0%, respectively) and a caloric value of 5.97 kcal/100g. The hydrolysis of kiwicha was carried out using the grain, previously gelatinized at 92 °C for 15 min with a pH of 5.0; the liquefaction was carried out with alpha enzyme -liquid Amilasa Aspergillus Drizae Nº A8220 (Sigma-Aldrich), pH 5.0, 20% p/p of crushed gelatinized kiwicha grain, 0.2% of enzyme, 100 ppm of CaCl 2 , both in weight over the contents of kiwicha in the substrate, 6 h of incubation at a temperature of 50 °C. The saccharification was carried out using enzyme Gammadex Cal -AB (GmbH), pH 4.5, 6h of incubation at a temperature of 60 °C, 0.2% of enzyme weight over the weight of kiwicha in the substrate (20% p/p). Finally, using a sieve, the liquid portion of the hydrolyzed, rich in carbohydrates (HLK) was separated from the solid part or cake, rich in protein; previously, the enzyme was deactivated in the liquid fraction by boiling and the evaporated water levels restored, then it is bottled hot, cooled quickly and frozen for later use. The wet cake was dehydrated in a dryer with hot air. Kiwicha's liquid hydrolyze fraction contained dry extract, protein, fat, ashes and carbohydrates (14, 0.1, 0.25 and 13.3%, respectively) and a caloric value of 55.4 kcal/100g
Probiotic dairy bacteria and determination of CFU number
Strains of Lactobacillus paracasei (lyofast BGP1) and
Bifido bacterium longum (lyofast SP54) were used, imported from Clerici Sacco (Otaly.)
Lyophilized strains (0.01g) were added to 10 mL of peptone water (Mondragon, 2004) or tarwi juice, incubation was carried out in a water bath at 37 °C for 30 min (Memmert WNB22 with stirrer SV1422). From the incubated medium, dilutions were carried out with peptone water; once the adequate dilution was achieved, plating was carried out in deep using MRS agar with 0.01% of aniline blue in duplicate according to the procedure previously reported (Mondragon, 2004) , then an aliquot of 1ml of dilution was added in a Petri dish, followed by some 15 ml of agar MRS; the contents were mixed by rotation of the Petri dish and let to cool.
The prepared Petri dishes were placed over an aerobic incubating stove (Selecta, code 2000237) and a culture chamber with a CD2 atmosphere with a level of 5-10% at 37 °C for 72h (MMM Med center, Model 500). After the incubation, a count was made of the number of colonies in order to determine the CFU/ml of the strain in the incubated medium or the number of CFU/g of the lyophilisate strain. The culture was prepared in the tarwi juice in the same proportion. The counting of the CFU number in the fermentation processes was carried out in a similar way.
Assessed formulations and fermentation processes
Prepared cultures of Lactobacillus paracasei BGP1 (L), Bifido bacterium longum SP54 (B) and one co-culture of both (LB) were inoculated to nine sterilized formulations; the initial number of bacteria was of 5.5 × 10 6 (Ln CFU/mL: 15.52) for L and B, and in the co-culture L: 1 × 10 6 , B: 5.5 × 10 6 (Ln CFU/mL: 15.69), the composition of the assessed formulations are detailed in Table 1 . Type 1 formulations do not contain a liquid portion of the hydrolyzed kiwicha (HLK), only tarwi juice (JT), the type 2 formulation contains a proportion of 12.5 and that of type 3 of 25 of HLK with regards to the total. Each formulation was prepared by mixing tarwi juice and kiwicha's liquid hydrolyzate with water and sugar in the proportions indicated in Table 1 , followed by sterilization at 115 °C for 15 min.
The fermentations were carried out in jars containing 50-200 g of the sample.
On the fermentation and post-fermentation process, pH, acidity, brix degree was assessed with a Jenway pH meter and 1310 ABBE AR 12 Refractometer Shmidt & Haensch, respectively. Viability of probiotics was measured according to what was described in the previous item. Fermentation was carried out at 37 °C in a water bath and it considered complete when the pH value reached 5.0. The post fermentation process was carried out in refrigeration at 5-6 °C; samples were randomly taken for their assessment at 0, 10, 20 and 30 days. Humidity, dry extract, protein, fat, ashes, carbohydrates, calcium, sodium, and caloric value was measured in the probiotic drinks
Sensorial assessment
a) The satisfaction level was determined (degree of liking and not liking), a verbal 7 point hedonic scale (Anzaldua, 1994) was applied: 7 (O like it a lot) to 1 (O dislike it a lot); number of semi-trained judges (Espinoza, 2003) : 8. Ot was considered as a favorable rating a satisfaction score for the product of 4.5.
b) The taste was assessed for each type of drink on a scale from 1 to 6 points to determine the useful life of the product, 6 (excellent) to 1 (undrinkable); a rating of 3.5 was considered as a limit, under which it was considered that the product has lost its quality characteristics (Espinoza, 2003) . The sensorial assessment was carried out by six trained judges. On addition, the sensory assessment was carried out for drinks with added flavors.
Statistical data analysis
All measurements were obtained in triplicate, and the values were averaged. Data was analyzed with one-way ANDVA post hoc tests, and pairwise multiple comparisons were conducted with either Tukey's or Dunnet's test. Microorganism's viability in fermentation and post fermentation process was carried out, one-way ANDVA followed by Tukey's test (p<0.05) was analyzed in group of beverages containing the same type of probiotics. Additionally Dunnet's test was applied to compare means referring to the initial number of microorganisms in each formulation in the post-fermentation. Finally, to evaluate significance difference on the sensory assessment one-way ANDVA followed by Tukey's test (p <0.05) was performed. Table 2 presents results of lowering of pH, an increase in acidity (% of lactic acid) and viability of the probiotics assessed in fermentation.
Results
Fermentation
The pH decreased to 5.0 in a time of 10 to 13 hours in the formulations that contained the hydrolyzed kiwicha; however, formulations 1L, 1B and 1LB, lacked hydrolyzed kiwicha, the pH did not reach 5 in the fermentation after 18 hours. The acidity increased to 0.06 -0.09% of lactic acid, corresponding to a greater acidity to the formulations with greater contents of hydrolyzed kiwicha. On the 1L, 1B and 1LB formulations, acidity only reached 0.02% of Lactic Acid. The viability of probiotics in the different formulations was improved in the following order: 3 (3L, 3B, 3LB) >2(2L, 2B, 2LB) >1(1L, 1B, 1LB).
Variable means followed by capital letters indicate significance difference (p<0.05) according to Tukey's test. Table 3 presents results of the decrease of pH, increase in acidity (% of lactic acid) and viability of the probiotics assessed in post fermentation. The formulations of type 2 and 3 were taken into account, which rendered a greater decrease in the pH, a greater increase of acidity and viability.
Post fermentation
Formulations 3L, 3LB, 3B (formulation with higher amount of hydrolyzed kiwicha) reached a lower pH, greater acidity and viability than formulations 2L, 2LB, 2B. The decrease in pH in drinks with B. bacterium longum SP4 was less intense than in the other drinks. The acidity values were inversely proportional to pH values and it was greater with kiwicha's liquid fraction hydrolizate in formulations. The Brix degrees decreased during post fermentation.
Variable means followed by lowercase letters indicate significance difference (Tukey's test, p<0.05) in the number of microorganisms for each group of beverages containing the same probiotic. Variable means followed by capital letters indicate significance difference in each formulation according to the Dunnet's test. Table 4 details the kinetic parameters in the fermentation and post fermentation.
Kinetic growth parameters
On the fermentation stage, formulations 1L, 1B and 1LB that do not contain the hydrolyzed kiwicha, present specific growth speeds (µ) lower than to the other formulations that do contain hydrolyzed kiwicha; the duplication times (td) are greater than the rest of the formulations. Among type 2 and 3 formulations, those of type 3 (3L, 3B and 3LB) present better kinetic behavior compared to those of type 2 (2L, 2B and 2LB). This better kinetic behavior can be seen when the value of the HLK content is greater.
The values of μ and td are calculated with the number of microorganisms at the beginning and at the end of the fermentation according to the values indicated in Table 2 .
On like manner, during post fermentation, formulations 3L, 3LB and 3B with greater content of hydrolyzed kiwicha, present specific speeds greater than formulations 2L, 2B and 2LB, showing lower duplication times. Table 4 it appears as the specific speed of growth (μ) expressed in 1/h, which results from dividing the speed constant of each equation between 24 h. Duplication times (td) results from dividing the value of 0.693 between the values of the specific velocity (μ) according to the growth kinetics of microorganisms in discontinuous crops. Table 5 details the proximal chemical composition of drinks elaborated with basic formulation 2 and 3; a low content of fat, a percentage of sugars of about 10% and contents of protein close to 1% can be observed.
Characteristics of drinks
Sensorial assessment
The statistical results in the hedonic test and shelf life showed that there is no significant difference between the different drinks. On the hedonic test, the rating was within the range of 5 and 6 (O slightly like it -O like it), and in shelf life, it was within the range of 4 and 5 (acceptable -good.) With the presence of strawberry and orange flavors, the drinks were rated on the scale of 6 and 7 (O like it -O like it a lot).
Discussion
The analysis of the results of the formulations assessed during fermentation indicates that the viability of the probiotics used was lower than in formulations 1L, 1B and 1LB with respect to the others. On each group of drinks, according to the probiotic type, there were significant differences in the CFU/ml number at the end of the fermentation. The growth of Bifido bacterium longum SP54 was slow; the viability is good when the mixture interacts with lactobacillus paracasei BGP1. Mondragon (2004) reported the use of soy hydro-soluble extract; pure cultures of L. paracasei subsp. Paracasei LBC81 and Bifido bacterium longum BL04 had a growth of 27.6 -29.9 (Ln CFU/ml) between 16-20 h of fermentation, while L. acidophilus LAC4 with the presence of B. longum BL04, had an increase in the number of cells (23.0 -29.9 ) between 20-24h of fermentation, the initial number of microorganisms employed was from 13.1 -17.7 (Ln CFU/ml). On this research, the fermentation times using hydrolyzed kiwicha and tarwi juice to reach a pH of 5.0 were lower than those detailed. Dther authors found synergic activity with co-cultures of Bifido bacterium and lactobacillus in the growth of microorganisms when acting over fractions of dietary fiber of rice, the growth was limited when a pH of 4.2 -4.45 was reached (Fernando et al., 2011) . There is a similarity with the results found in this research due to the synergic effect of the lactobacillus paracasei BGP1 with the B. bacterium longum SP54, compared to the use of the bifid bacterium SP54; the lactobacillus paracasei BGP1 had a significant growth as a pure culture.
The analysis of the results of the 6 formulations assessed during post fermentation indicates that the viability of probiotics is greater when the content of liquid hydrolyzed kiwicha is increased. According to the Tuckey test performed (p<0.05), there are significant differences between the pairs 2L-3L, 2B-3B, 2LB-3LB for the different times assessed 0, 10, 20, and 30 d. Table 3 shows these differences with the small letters between pairs of the same type of drink, but with a different content of hydrolyzed kiwicha. The Dunnet test performed with respect to the initial population in each type of drink showed an increase in the significant differences in the course of post fermentation; Table 3 shows these differences with capital letters. The greatest variability of probiotics in substrates that have liquid hydrolyzed kiwicha may be due to the presence of oligosaccharides of the families of raffinose, stachyose, oligosaccharides present in kiwicha and non-hydrolyzed by amylase alfa and the amyloglucosidase as it was noted by other authors (Maza, 2000) . Besides, it was reported that the presence of raffinose had beneficial effects on the survival of the Bifido bacterium lactis and lactobacillus acidophilus for 21 days of storage at 5 °C in fermented milk (Prado et al., 2008) .
Ot is observed that the viability of probiotics used remains still in the low pH values, an important quality in this type of products (Prado et al., 2008) . The results show better resistance to the decrease in pH for formulations of type 3L, 2L, 3LB and 2LB, which in the case of the formulations with only Bifido bacterium longum, the growth of the latter decreases when the pH drops, a situation also observed in the fermentation stage. A lower pH of 4.5 -5.0 does not stimulate its growth (Gomes & Malcata, 1999) . Dn the other hand, the pH achieved in formulations 3B is in a favorable range < of 4.5, which is in relation with the contents of liquid hydrolyzed kiwicha. Ot must also be noted that lower values in pH benefit the preservation and prevent the development of harmful bacteria in the prepared products (Prado et al., 2008) .
The kinetic parameters determined during fermentation and post-fermentation (Table 4) indicate the best viability of the probiotics in the formulations of type 3 compared to formulations of type 2. The kinetic behavior will depend on the type of strain, culture medium and processing conditions (Acevedo et al., 2010; 2013) .
The sensory results are important and are related to the quality of the product, processing, and composition of the substrate used and the concentration of its components (Escalante et al., 2016; Dongmo et al., 2016) . On that sense, the formulations designed including the portion of kiwicha's liquid hydrolyzed to tarwi juice, not only did it improve the viability of the probiotics used, but it also improved their sensorial characteristics. The chemical characteristics of these products vary considerably depending on the type of culture used, the substrate and the processing, during which variations take place in the pH and the acidity that lead to the formation of organic acids in relation with the levels of reduction of the contents of sugars, generation of amino acids, and other metabolites associated with flavor (Waters et al., 2015) .
The drinks containing HLK have a high number of CFU/ml, which ensures the minimum required of 10 8 -10 9 cells/g of the product at the time of consumption (Prado et al., 2008; Vera-Pingitore et al., 2016; Kandylis et al., 2016) . This high viability is very favorable as the success of the new drinks depends on the ability of the probiotics to provide a high enough number of viable cells beneficial to the intestinal microbial flora of the consumer (Shori, 2016) .
The beverages contained proteins, fat, dry extract, ashes and carbohydrates (0.8-0.85, 0.06-0.1, 11, 0.08-0.10 and 10%, respectively), sodium (58-128 mg/L) and calcium (109-113 mg/mL) and a caloric value of 44-45 kcal/100g and various probiotic bacteria such as Lactobacillus paracasei and Bifido bacterium longum and their mixtures.
The drinks prepared within this research are lactose free and have a low content of carbohydrates.
The research carried out allowed for the diversification in the use of tarwi and kiwicha as raw materials in the preparation of probiotic drinks. As a result of carrying out this research, a technology has been developed that generates new formulations and fermentation processes using probiotics for the preparation of new types of drinks from tarwi juice and hydrolyzed kiwicha in a liquid state.
The hypothesis was confirmed since the results show that the presence of hydrolyzed kiwicha in its liquid form (HLK) in the formulations with tarwi juice generates favorable effects in the viability of probiotic bacteria used. The fermentation of substrates with only tarwi juice and sucrose did not show such viability; besides, the formulations designed and the processes developed led to the preparation of drinks with favorable sensorial characteristics.
Conclusions
The use of the liquid portion of hydrolyzed kiwicha in the production of probiotic drinks with tarwi juice improve the viability of the lactic bacteria assessed, especially when the amount of hydrolyzed increased. The formulations containing tarwi juice and sucrose were not favorable in the growth of microorganisms, decrease in pH and increase in acidity. The growth of probiotic microorganisms reached values higher than 10 8 CFU/ml at the end of the fermentation, which ensured the minimum required at the time of consumption. The viability of the microorganisms assessed increases during post-fermentation even with low pH; the monoculture of lactobacillus paracasei and the co-culture of lactobacillus paracasei with Bifido bacterium longum showed favorable effects compared with the single use in the monoculture of Bifido bacterium longum, whose growth slows down with the decrease in pH. The values of pH and acidity benefit the stability of fermented drinks against the growth of pathogen microorganisms. On addition, sensorial characteristics of the drinks prepared were favorable.
